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K «WILCOX LTD. 


THE HIGH HEAD, HIGH EFFICIENCY 


Es photographs reproduced 
show a typical boiler unit, pul- 
verised fuel fired through cross tube 
burners, suitable for high volatilefuel. 
The drawing above shows a similar 
unit with vertical intertube burners 
for low volatile fuel and is typical in 
its arrangement of four such boilers 
now being installed for Edmundsons’ 
Electricity Corporation Ltd. at the 
Upper Boat Power Station, Treforest, 
of the South Wales Electric Power 
Company, each of 5,904 sq. ft. boiler 
heating surface for a load of 182,000 
Ibs. /hr. at 850°F. and 650 Ibs. /sq. in. 
The complete Bailey furnace ensures 
maximum furnace temperatures and 
consequently flexibility and high 
efficiency over a wide range of load. 
The self-draining type of superheater 
is adequately supported, and the 
automatically controlled gas byepass 
dampers give regulation of final 
steam temperature within close 
limits. 


The steaming type economiser, being 
integral with the boiler setting, 
minimises radiation losses. 


BABCOCK HOUSE, FARRINGDON ST. 
LONDON, E.C.4. 
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DRAFTING EQUIPMENT 


LOOKING FOR 


FIND IT 
IN THIS CATALOGUE 


The “Arclight” illustrated 36-Page Drafting Equipment Catalogue 

gives interesting details of Drafting Tables, Drafting Machines, Plan 

Cabinets and other Drafting Equipment. It is a useful publication 
to have for speedy reference. 


WRITE FOR FREE COPY 


E.N.MASON & SONS LTD. 


ARCLIGHT WORKS, COLCHESTER. Tel. 2266 (3 lines). 
London: 8 & 9, IVY LANE, E.C.4. Tel. City 5676 (4 lines), 


FOR QUALITY AND RELIABILITY 


“LINAPEX” VARNISHED CLOTHS 
AND TAPES 


Straight Cut, Bias Cut, Seamless and stitched 


“LINAPEX” VARNISHED SILKS 
AND TAPES 


“LINAPEX” OILED PAPERS 


For Telephone Insulation etc. 


Write for our booklets on Insulation, post free 


THE I10CO RUBBER & WATERPROOFING CO., LTD. 
NETHERTON WORKS - 


ANNIESLAND 


“ FORMAPEX” MIOCARTA SHEETS 


Grade | - B.S.S. 547. Pr. 
Grade ll - 316. P.O. 
Punching Quality - P.Q. 


“FORMAPEX” MIOCARTA TUBES 
Wrapped - P.G. Moulded - P.P. 


“FORMAPEX” VARNISHED PAPERS 


B. Quality, Coated for wrapped tubes. 
L. Quality, Impregnated for moulded tubes etc. 


VAN 


GLASGOW 
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Z. i But though it's fashionable 7, H IS S 
C x to invent high-sounding 
“Ly terms to describe fancy 
ES theories about the 
causes of wear in 
cylinders and 
bearings, the fact 
remains that wecr 
1s caused by friction, 
sometimes in conjunc- 
tion with harmful 
products of combustion. 
Years ago Wells and 
Southcombe found that 
friction between the 
working parts of engines 
is greatly reduced by a 
property which they 
called “oiliness”. Of 
course all lubricants 
have some “oiliness” 
but the practical value 
of the Wells-Southcombe 
process (“Germ” brand oils) 
1s that the natural “ oiliness” of 
high quality oils 1s greatly increased. 
Others are now claiming to increase 
‘oiliness” by the use of “ addition” agents 
and “concentrates” but “Germ” oils are in 
advance of all others and remain first in the field. 
Millions of gallons of “Germ” oils have been used in all 
kinds of engines operating in all kinds of climates so that we 
can safely claim “Germ” oils are already fashionable. When we say 
that engines will be worn less this season we are only saying in another 
way that more and more engine owners will be changing over from ordin- 
ary oils to “Germ” oils—that “Germ” oils are becoming very fashionable. 
Rather snappy, this advertisement, don't you think? We didn't do it quite by 
ourselves. The fact is we sold the Wells-Southcombe patent for North America 
to the Continental Oil Company of Ponca City, Oklahoma, and with their per- 
mission we've copied the lay-out of a full page in the “Saturday Evening Post,” 
about Conoco “Germ” processed oils which have become so fashionable in U.S.A. 
To be serious again—if youre not already using “Germ” oil it would be worth 
your while to write us. We can ensure minimum wear in your engine and, 
after all, that's what you buy oil for! “Germ” oils are made in England 
and although they reduce friction more than any other oils, they are 


not expensive, as their cost is not inflated by heavy advertising. 


GERM LUBRICANTS LTD., LONDON, E£.C.2, & SALFORD 3, LANCS. 
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OF COPPER, BRASS & BRONZE T R O L L E Y 
BUSES 


are fast, quiet, mobile, comfortable, profitable 
and safe. They are the considered choice of 
critical operators both at home and abroad. 


PORT 


Bare H.C. wire (plain or tinned) from 
0014” diam. upwards ; trolley and 
contact wire in all gauges and profiles; 
line wire; fuse wire; stranded con- 
ductors; rail bonds. Rivet and nail 
wire; weaving wire; hot rolled wire 
rods; etc., etc. 


CADMIUM COPPER 


Trolley wire; line wire; annealed 
wire for drawing down for ‘“flex’’; 
stranded transmission lines. 


In any temper; plain or tinned. Pin 
wire; rivet wire; bolt and screw 
wire; bright annealed weaving wire; 
cage wire; etc., etc. 


PHOSPHOR BRONZE 


Spring wire for every purpose; tur- 
bine winding wire; armature binding 
wire; bright annealed wire for paper- 
machine cloth; cable armouring wire; 
stranded stay-ropes (all metal or 
hemp-cored); pivot wire; etc., etc. 


* BOLTON'S SPECIALISE IN THE 
MANUFACTURE OF DUPLEX STRANDED 


4 
CONDUCTORS TO MEET SPECIAL TENSILE 4. E. é L 
AND CONDUCTIVITY REQUIREMENTS units 
ESTABLISHED 1763 Literature on request: 


BOLTON 44cm THE ENGLISH ELECTRIC CO. LTD., 


Traction Dept., Bradford, or 
Head Office: 


THE ASSOCIATED EQUIPMENT CO. LTD., 
MARTINS BANK BOG. 


London Office : Southall, Middlesex. 
LIVERPOOL, 2 W.! 


Thomas 


168 REGENT ST, 
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STERLING INSULATING VARNISHES have represented 
the highest available quality in their particular sphere 
ever since their introduction to the electrical trade in 


The STERLING SERVICE and STERLING EXPERIENCE 
guarantee a permanent solution for all problems con- 
nected with INSULATING VARNISHES. 


THE STERLING VARNISH COMPANY, LIMITED, 
Trafford Park, 
Manchester 17. 


Telephone: Trafford Park 2231. 
Telegrams : ‘‘ Dielectric’ Manchester. 


JOINTINGS 


“LION” AUTOMATIC TYPE 


For Accumulators, Hydraulic Lifts, 
Cranes, Presses, etc. Will stand the 
highest pressure with the minimum of 
friction, 


WRITE FOR CATALOGUE H. 6. 


EMPIRE EXHIBITION, GLASGOW--OUR STAND No. is 
E. 93, PALACE OF ENGINEERING. 


JAMES WALKER & CO., LTD. 
“LION” WORKS - WOKING «- SURREY 


“ GRAFITOIL” 
JOINTING 


ALL PURPOSES AND PRESSURES 


For very Hot Oil Joints. This 
Jointing possesses great tensile 
strength. Sample for testing 
gladly supplied. Obtainable in 
sheet and cut joint form. 


GASKOID” 

permanently 

resisting. 


The material is tough 


PHONE, WOKING 2255 (4 lines). - GRAMS, LIONCELLE 


yet supple and is used extensively 
on very important jobs. Write 
for Free Trial sample. 
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(REGp. TRADE MaRg) 


EXHAUST and VENTILATING 
FANS. 


Sizes 18’ to 60’. 
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Y 


18” & 20” Single Phase and 
24’ Three Phase Sizes. 


DELIVERED FROM STOCK. 


We invite your enquiries for all types of Electric Fans 


MARELLI & Co. LTD. 


ARTILLERY HOUSE, ARTILLERY ROW, 
VICTORIA STREET, LONDON, S.W.1I. 


Telephone: ABBEY 5476 (2 Lines). Telegrams & Cables: ‘“*MARELLI, LONDON. ’ 
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BROADBENT 


AUTOMATIC CENTRIFUGAL 


CLUTCHES— 


20,000 
NOW IN USE. 


Kead Cffice 'and' Works: 


THOMAS BROADBENT & SONS LTD. 


: 
1581 HUBBERSFIELD, HUDDERSFIELD. 
LONDON. LEICESTER. MANCHESTER. NEWCASTLE. GLASGOW. 
Abbey Central 


2484. 27700. 26385. 7116. 
2 lines). 
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COUPLING 


DRIVEN BY A MOTOR SHOULD 
ALWAYS BE COUPLED 
BY AN 
AUTOMATIC CENTRIFUGAL 
CLUTCH 


THIS ENSURES EASY STARTING 
OF MOTOR WITH A REDUCTION 
IN CURRENT CONSUMPTION 
AND THE CLUTCH ALSO 
PROTECTS THE MOTOR 
AGAINST OVERLOAD. 


Write for 
CATALOGUE No. 14700 (10th Edition) 
CONTAINING TECHNICAL DATA. 


AUTOMATIC CENT 
CLUTCH. 
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from infinite 
technical care 
—and 
experience 


PORCELA 


Taylor Tunnicliff & Co. Ltd,,110 Cannon St., London, E,C.4, Factories at Hanley, Stone & Longton, Staffs. Tel, : Mansion House 7211|-2 & Stoke-on-Trent 5272-4 


(Pure Asbestos Fibre) 


INSULATED WIRES 


COILS WOUND WITH 
“ LEWBESTOS” 
CONDUCTORS 
DO NOT BURN OUT 


WHEN SUBJECTED TO 
HIGH TEMPERATURES 


Our booklets on Modern Armature 
Coal Cutters END FOR IT NOW! 
THE LONDON ELECTRIC WIRE COMPANY AND SMITHS, LIMITED 
‘phone : Leytonstone 3636 (10 lines). CHURCH ROAD, LEYTON, LONDON, E.10. "grams : “ Lewcos, London.” 


Traction Motors 
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OILS 


INSULATION 


AND 
LUBRICATION 


SILVERTOWN TRANSFORMER, SWITCH 
AND PENETROL HEAVY INSULATING 
OILS are used, approved and supplied by the prin- 
cipal Transformer and Switchgear Manufacturers. 
Millions of gallons are in daily use in all parts of 
the world. 


SILVERTOWN LUBRICANTS, for Plant, 
Machinery and Transport of every description, 
are known and appreciated for their outstand- 
ing value by discerning buyers throughout 
the world. 


Contractors to the English Electric Co., Ltd., and Principal Government 
Departments, Railways, Municipal Authorities and Industrial Firms. 


L 


Silvertow icants 


MINOCO WHARF, 
WESIr SILVERTOWN, LONDON, E.16. 
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Manufacturers of 


Underneath view of cables crossing 


turbine house at Battersea Generating 
Station. 


PRIVATE TELEPHONE 
SYSTEMS 
Offices, Factories, 
Institutions, etc. 


for Public 


CELLS & BATTERIES 
OVERHEAD LINE MATERIAL 


ELECTRIC LAMPS 


etc. 


ALL CLASSES OF 


ELECTRIC CABLES 


AND 


CABLE LAYING 
& 


JOINTING MATERIALS 


The illustration shows power cables installed 
by us in a position less familiar than that 
seen by the roadside. It is an example of 
our practical experience which is at your 


service. 


Siemens ‘‘Neophone” as standardised 
by the British Post Office. 


Over 80 years’ electrical experience 


SIEMENS BROTHERS & CO., 


WOOLWICH, LONDON, S.E.18. 
Tel.: Woolwich 2020. 
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EDITORIAL. 


In the first article in this issue of the 
Journal Mr. J. T. Moore contributes an 
interesting resumé of repeat orders for 
steam turbo-alternator plant received by 
the Company during the past two years. 
The sets described and illustrated vary in 
size from 800 kW. units for industrial 
purposes to 40,000 kW. 3,000 r.p.m. units 
for Electricity Supply Undertakings. The 
fact that these are all repeat orders is 
testimony to the effective service obtained 
from the plant originally supplied to the 
same purchasers, and it is to be noted that 
the article does not take into account the 
large number of other turbine plants sup- 
plied to new customers. 

The article also deals with the progressive 
improvements that have been made in 
both the turbines and alternators as a 
result of the research and experimental 
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work which the Company are constantly 
carrying out. In this connection we would 
refer our readers to the last article in this 
issue entitled “New Developments in 
Low-Pressure Blading for Steam Tur- 
bines” by Mr. J. P. Chittenden. In this 
the Author deals with some of the problems 
met with in the design of the long blades 
at the low-pressure end of steam turbines 
of large output, so that the steam flow is 
guided with the maximum efficiency 
through these very long blades. In the 
article under review the Author briefly 
describes the ‘“‘ English Electric ” Vortex- 
type blading which gives greatly improved 
efficiencies. 

In the second article Mr. H. L. Bazal- 
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gette describes the Malakand Hydro- 
Electric Scheme located near the Khyber 
Pass in the North-West Frontier Province 
of India, a district made famous in the past 
by so many military campaigns. H.E. the 
Viceroy of India, the Marquess of Lin- 
lithgow, was present at the opening cere- 
mony and started up the turbine plant. 
The successful completion of this contract 
is another instance of the Company’s 
ability—aided by its overseas Organisation 
—to execute comprehensive hydro-electric 
contracts in any part of the world. The 
article is illustrated by some photographs 
of the plant, and of the surrounding 
country, which we think will be of 
interest. 


30,000 kVA., 132 kV./383 kV, 


Transformer leaving the Company’s Stafford Works for the Central Electricity Board’s 


Substation, Oxford, 
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“English Electric” Steam Turbo-Alternator Plant— 
Recent Repeat Orders. 


By J. T. MOORE, B.Sc., A.R.T.C., A.M.Inst.C.E., A.M.I.Mar.E., Steam Turbine Dept. 


Fig. 1.—One 25,000 kW. and two 30,000 kW. three-cylinder Turbo-alternator sets at the Blackburn Meadows 
Power Station of Sheffield Corporation. 


It is said that a progressive outlook is the life- 
blood of an industry. This is certainly true of 
the electrical industry, which has progressed in a 
spectacular manner since the beginning of the 
present century, but inherent to the progress of 
an industry as a whole is the progress by research 
and experiment which must take place continu- 
ously in the design and construction of its manu- 
factures, and this is especially the case on the 
heavy engineering side of the electrical industry. 
It has been only by constant research and 
experiment, however, that the advances of to-day 
have been made possible, and it will be only 
continued work on these lines which will produce 
the advances of to-morrow. 


The English Electric Company has always 
taken a leading part in the progressive develop- 
ment of the electrical industry, and in no sphere 
of its activities more so than on power station 
equipment. Progress involving changes in 
design, however, must be soundly conceived, 
and it will be appreciated that this is of the 
utmost importance in regard to electrical generat- 
ing plant, where the diverse factors to be dealt 
with, both mechanical and electrical, call for the 
most careful consideration of each new departure 
from previous practice. It is therefore of 
particular interest to note the large number of 
repeat orders which have been received within 
the last two years for steam turbo-alternator 
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Fig. 2.—Latest type Main Gear-type Oil Pump, with single 
helical gear drive. 


plant for service both in this country and overseas. 
The sizes of the sets vary from 1,000 kW. up 
to 40,000 kW. and the large range covered is 
a tribute to the maintained quality and design 
of the steam turbines, alternators, condensers 
and feed heating plants manufactured by the 
Company. It will be generally acknowledged 
that repeat orders in themselves are proof of the 
satisfactory design and service of the plants 
previously supplied to the purchasers. 


The experience of the Company goes back to 
the beginning of the present century under the 
constituent companies, and progress has been 
steady and sustained since that date. The 
Company was one of the first in this country to 
manufacture 3,000 r.p.m. steam turbines, the 
first to construct in this country a 20,000 kW., 
3,000 r.p.m., multi-cylinder impulse reaction 
turbine, the first to supply a 30,000 kW., 3,000 
r.p.m. steam turbo-alternator set for this country, 
and is now completing the first two 40,000 kW., 
3,000 r.p.m. steam turbo-alternator sets for 
installation in this country. A formidable record, 
and one of which to be justly proud, in view of 
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the following recent repeat orders for steam 
turbo-alternator sets. 


SHEFFIELD CORPORATION. 

Since the construction of the first power station 
in Sheffield, twelve“ English Electric ’’ turbo-alter- 
nator sets have been supplied for the Sheffield 
Corporation, amounting to a total capacity of 
172,875kW. Sevenof these sets have been supplied 
for the Neepsend Station, two forthe original Black- 
burn Meadows Station, and the last three, shown 
in Fig. 1, are installed in the new Blackburn 
Meadows Station. The first of these three, of 
25,000 kW. capacity, was installed in 1932, the 
second, of 30,000 kW. capacity, in 1935, and the 
third, a repeat of the second, was ordered in 1936, 
and put into service a few months ago. All 
three sets have turbines of the three-cylinder 
impulse reaction type, are designed for initial 
steam conditions of 570 Ibs./sq. inch, 825 deg. F. 
with a vacuum of 28} inches, and run at a speed 
of 3,000 r.p.m. The alternators are designed for 
11,400 volts. The two 30,000 kW. turbines are 
each fitted with the latest type of main gear oil 
pump, as illustrated in Fig. 2, driven from the 
turbine shaft through a single helical gear, only 
the vertical governor spindle now being driven 
through worm gearing. With this design, 
standardised for all large turbines, the pump can 
be made of any desired capacity without the 
previous limitations in pump loading due to the 
worm gear drive. Details of the pump are also 
illustrated in Fig. 19. 


HUDDERSFIELD CORPORATION. 

A 20,000 kW. turbo-alternator set ordered for 
the extension of the Huddersfield Corporation 
Power Station in the latter half of 1936, and at 
present being erected on site, brought the total 
number of turbo-alternator sets supplied for 
Huddersfield to nine, with a total capacity of 
60,800 kW. All the sets in the Station are of 
* English Electric ’’ manufacture, the last unit 
having a turbine of the two-cylinder impulse- 
reaction type designed for steam at 350 Ilbs./ 
sq. inch, 750 deg. F. and a vacuum of 284 inches. 
The general design of the turbine follows that of 
the largest sets, and it is interesting to note 
the very similar design, as illustrated in Fig. 3, 
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Fig. 3.—The H.P.rotor forging for a 20,000 kW. two-cylinder turbine for Huddersfield Corporation, compared with H.P. 
rotor forging for 40,000kW. two-cylinder turbine for the Ferrybridge Power Station of the Yorkshire Electric Power Company. 


between the H.P. rotor for the 20,000 kW. 
turbine for Huddersfield, and the corresponding 
H.P. rotor of the 40,000 kW. turbine for Ferry- 
bridge, both machines being designed for a speed 
of 3,000 r.p.m. The internal design of the 
Huddersfield turbine also incorporates many 
features previously used only on the largest 
machines, such as the helical gear drive of the 
main oil pump, which is illustrated in Fig. 2. 


ABERDEEN CORPORATION. 

The last set ordered for the Aberdeen Corpora- 
tion Power Station, in the latter half of 1936, 
brought the number of “ English Electric ’’ units 
up to five, with a total capacity of 42,250 kW. 
All the turbines supplied, although of medium 
capacity, have very large low-pressure ends on 
account of the very high vacua encountered over 
most of the year, and on the last two machines 
supplied, the last two rows of the low-pressure 
rotor have special side entry blading on account 
of the high blade-tip speed. This special type 
of blade fixing has previously been fully described 
in the article* which appeared in a recent issue of 
this Journal. The illustration in Fig. 5 shows the 
low-pressure rotor for the latest set for Aberdeen 

* See F. J. Cowlin, ** The ‘ English Electric’ Optimum 


Blade for Steam Turbines of Large Outputs,’’ The English 
Electric Journal, December, 1937, (Vol. VIII, No. 8.). 


in the dynamic balancing machine at Rugby 
Works. This set, at present in course of erection, 
has a capacity of 15,000 kW., and the turbine is 
of the two-cylinder impulse-reaction type designed 
for steam conditions of 240 Ibs./sq. inch, 630 deg. 
F., and a vacuum of 29.1 inches at the maximum 
rating. 


Fig. 4.—Spherically seated combined Thrust and Journal 
Bearing for large multi-cylinder turbines. 
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Fig. 6.—Two, two-cylinder 30,000 kW. turbo-alternator sets at the Thornhill Power Station of The Yorkshire Electric 
Power Company. 


~ 
oo) Fig. 5.—The L.P. rotor of a 15,000 kW. turbine for Aberdeen Corporation, during dynamic balancing. 
ig 
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Fig. 7.—One of the two 40,000 kW. two-cylinder turbines for the Ferrybridge Power Station of the Yorkshire Electric Power 
Company, on the test bed at Rugby Works. 


YORKSHIRE ELEctRic Power Co. tration of one of the 40,000 kW. turbines on the test- 
Following the installation of two 30,000 kW. bed at the Company’s Rugby Works. The turbine 
turbo-alternator sets, illustrated in Fig. 6, in’ is of the two-cylinder type with a single-flow 
the Thornhill Power Station of the Yorkshire impulse H.P. cylinder and an inwards double-flow 
Electric Power Co., two 40,000 
kW. turbo-alternator sets of 
similar design were ordered at 
the end of 1936 forthe Ferrybridge 
Power Station. At the beginning 
of this year a further four tur- 
bines, each of 1,000 H.P. capacity, 
6,000 r.p.m., were ordered for 
driving the boiler feed pumps in 
the new extension at Ferry- 
bridge, and these, with the sets 
previously supplied forthe Barugh 
Power Station, brings the number 
of machines supplied or on order 
up to ten, with a corresponding 
capacity of 155,484 kW. 

The two 40,000 kW. turbo- 
alternator sets are designed for 
steam conditions of 600 Ibs. 
| sq. inch, 850 deg. F. with a 
vacuum of 28.8 inches, and the 
alternators for a pressure of 


. we ; Fig. 8.—Half of the H.P. Casing with Steel Diaphragm in position, of one of 
10,500 volts. Fig. 7 is an illus- the 40,000 kW. two-cylinder turbines for Ferrybridge. 


+ ry } it 


Fig. 9.—Rotor End-Winding of large Turbo-alternator, 
mounting of rotor end-bells. 
reaction L.P. cylinder. All the diaphragms in the 
H.P. cylinder are of steel and of the ** built-up ” 
type which has been used by the Company for 
many years with excellent results. The illustra- 
tion in Fig. 8 shows one half of the H.P. casing 
with the all-steel diaphragms in position. It 
will be noticed that there is no break of continuity 
in the diaphragm nozzles at the horizontal joint 
of the casing, the nozzles in each half of the 
diaphragms intermeshing with the nozzles in the 


prior to 
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corresponding half, thus giving a con- 
tinuous discharge after each diaphragm, 
without breaks to set up vibration in 
the rotating blades. The main oil pump 
drive and the thrust bearings are of the 
latest design as illustrated in Figs. 2, 4 
and 19. 

The design of the alternator follows 
standard practice, with the stator wind- 
ing of the basket type, and the rotor 
machined from a solid Siemens- Martin 
steel forging. The special method of 
bracing the rotor end windings which is 
used on all large turbo-alternators of 
30,000 kW. and over is illustrated in 
Fig. 9, from which it will be seen that 
the end-windings are closely packed 
with machined and fitted light alloy 
spacers and the end-windings further 
protected with light alloy shields prior to the 
mounting of the rotor end-bells. 

STEWARTS AND Lioypbs, Lrp., Corsy. 

A 2,500 kW. turbo-alternator set was supplied 
in 1935 for the Corby Works of Messrs. Stewarts 
and Lloyds, Ltd., and in 1936, a further set of 
7,500 kW. capacity was ordered. This set was 
put into service last year, and operates on steam 
conditions of 350 lbs./sq. in., 600 deg. F., with 
a vacuum of 28 inches. The alternator is designed 


Fig. 10,—7,500 kW. Turbo-alternator set at the Corby Works of Stewarts and Lloyds, Ltd. 
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for a pressure of 11,000 volts, 
and is of the turbo-type, direct- 
coupled to the 3,000 r.p.m. 
turbine, as shown in the illus- 
tration of the unit in Fig. 10. 


DUNDEE CORPORATION. 

In the Dudhope Crescent 
Station of the Dundee Corpora- 
tion are installed several of 
the original Willans Central 
Valve steam engine-driven 
generating sets, and although 
retained solely as standby plant, 
they are even now quite ready 
for operation if necessary. 
Following the Willans engines, 
seven turbo-alternator sets have 
been supplied for the Carolina 
Port Station, the most recent 
being a 15,625 kW. two-cylinder 
unit which is illustrated in Fig. 
11. At the end of 1937 a further 
set of 30,000 kW. capacity was 
ordered for the Carolina Port 
Station, making a total of eight 
turbo-alternator sets with an 
aggregate capacity of 75,125 
kW. This last mentioned set 
is being designed for steam con- 
ditions of 325 Ibs./sq. in., 750 
deg. F. with a vacuum of 29 
inches at the maximum rating of 
30,000 kW. The turbine is of the 
two-cylinder impulse-reaction 
type, and drives in tandem a 
3,000 r.p.m. 33,000-volt main alternator of 28,500 
kW. and a 3,000 r.p.m. 440-volt house alternator 
of 1,500 kW. The general design of the turbine 
will be similar to those shown in Figs. 6 and 7, 
and, as 
Electric 


now standardised on all English 
multi-cylinder turbines, the last stages 
of rotating blading in the low-pressure cylinder 
will be fitted with specially hardened steel shield- 


ing, as illustrated in Fig. 12, to reduce to a 


minimum the erosion of the low-pressure blading 
due to the moisture in the steam in the L.P. 


stages. 


This subject has been fully described in 


Fig. 11.—A 15,625 kW. two-cylinder Turbo-alternator set at the Carolina Port 


Power Station, Dundee. 


a recent article* in this journal. On account of 
the high vacua encountered at Dundee, the steam 
at the exhaust contains a comparatively large per- 
centage of moisture, and it is of interest to record 
that shielding fitted about five years ago to the 
last the 15,625 kW. 


turbine illustrated in Fig. 11, continues to show 


low-pressure stages on 


no appreciable wear. 


SrourPortT PoweER STATION. 


In 1936 an order was received from Messrs. 


* See L. C. Hookins, ** Wetness in Steam Turbines.” 
The English Electric Journal, July, 1938 (Vol IX, No. 2). 
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Fig. 12.—Large low-pressure blades fitted with anti- 
erosion hardened steel shielding. 
Edmundsons Electricity Corporation, Ltd., for 
two 30,000 kW. turbo-alternator sets for the 
Stourport Power Station of the Shropshire, 
Worcestershire and Staffordshire Electric Power 
Co., and these units, which are in commercial 
service, are illustrated in Fig. 13. This year a 
third set of 30,000 kW. capacity has been ordered 
for the same station. The design of all the 
turbo-alternator sets is identical, each incorporat- 
ing a 3,000 r.p.m. two-cylinder impulse-reaction 
turbine designed for steam at 625 Ibs./sq. in., 
825 deg. F. with a vacuum of 29 inches at M.C.R.., 
and an 11,000-volt alternator, with the necessary 
condensing and feed heating plant. The governing 
valve gear, illustrated in Fig. 14, is of the latest 
improved form with reversed oil 
pistons on all the governing valves so that any 


servo-motor 
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leakage from the oil gland, which is now on top, 
cannot come in contact with the valve spindle 
and become a possible source of trouble from 
‘arbonisation. Equally important is the resultant 
considerable reduction in the fire risk, and it may 
be mentioned in this connection that the only oil 
pipes containing oil under comparatively high 
pressure are those shown connecting to the oil 
servo-motor cylinders and they are of solid drawn 
steel of heavy section. 

The turbines, being of the inwards double- 
flow L.P. design, exhaust into single-shell con- 
densers having fabricated steel shells and cast 
iron divided water boxes, as illustrated in Fig. 15, 
from which can also be seen the hinge-gear for 
the removal of the water box end-covers. The 
arrangement of the condenser is also clearly shown 
in Fig. 13. 

Bouton CORPORATION, 

At the time of its installation in 1924, the last 
turbo-alternator set of 15,625kW capacity supplied 
for the Back o’ th’ Bank Power Station, Bolton, 
was one of the largest single-cylinder 3,000 r.p.m. 
turbines in operetion in this country. This set, 
which has given extremely good service is 
illustrated in Fig. 16 and with the 31,250 kW. 
turbo-alternator set ordered at the end of 1937, 
brings the total capacity of generating plant 
supplied and on order for the Back o’ th’ Bank 
Station to 54,375 kW., with three units. The 
31,250 kW set will have a two-cylinder turbine 
with a single-flow H.P. cylinder of the impulse 
type and an outwards double-flow twin exhaust 
L.P. cylinder of the reaction type, exhausting 
into twin condensers. The steam conditions are 
400 Ibs./sq. in., 800 deg. F. with a vacuum of 
284 inches. The electrical end of the unit 
incorporates, in addition to a 30,000 kW., 6,600- 
volt main alternator, a 1,250 kW. direct-coupled 
3,000 r.p.m. house alternator for station auxiliar- 
ies supply at 440 volts. Both alternators will 
have fabricated steel casings. Fig. 17 shows the 
fabricated frame of a similar 30,000 kW., 6,600- 
volt alternator stator in course of manufacture, 
from which the general design and method of 
bracing can be clearly seen. 

PoWER 
The first turbo-alternator set supplied to Messrs. 
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Fig. 13.—Two 30,000 kW. two-cylinder Turbo-alternator sets at the Stourport Power Station of the Shropshire, 
Worcestershire and Staffordshire Electric Power Company. 


Fig, 14.—The Governing Valve Gear on the 30,000 kW. Turbines for Stourport. 


Edmundsons_ Electricity Cor- 
poration for the Hayle Power 
Station of the Cornwall Electric 
Power Co. was of 10,000 kW. 
‘apacity with a turbine of the 
two-cylinder impulse reaction 
type, and last year a further 
turbo-alternator set of similar 
design but having a capacity of 
15,000 kW. was ordered for the 
same station. This unit is 
designed for steam conditions of 
235 Ibs./sq. in., 730 deg. F. with 
a vacuum of 283? inches, and an 
alternator voltage of 11,000 
volts. The two-cylinder turbine 
in course of completion at the 
Company’s Rugby Worksisillus- 
trated in Fig. 18, and although 
of medium output, the main 
gear oil pump, details of which 
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Cawnpore Evecrric Suppiy 
Co., Lrp. 

This year the order was re- 
ceived from the Cawnpore Elec- 
tric Supply Co., Ltd., for a dupli- 
cate of the 15,000 kW. two- 
cylinder turbo-alternator set 
supplied last year for their 
Power Station at, Cawnpore, 
India, and a_ photograph of 
which unit during completion of 
erection at site is shown in 
Fig. 21. This set operates on 
steam conditions of 420 lbs./sq. 
in., 780 deg. F. with a vacuum 
of 28 inches and the repeat unit 
will also be designed for the 
same conditions. The turbines are 
of the standard impulse-reaction 
type with single-flow L.P. cylin- 
der, as illustrated in Fig. 22, 
which shows the first 15,000 kW. 
turbine in course of erection at 
Rugby Works for steaming 
before despatch. 

The Cawnpore Power Sta- 


Fig. 15.—Single-shell Condenser with divided waterways, for 30,000 kW. tion, like the Carolina Port 


Turbine for the Stourport Power Station of the Shropshire, Worcestershire Power Station of Dundee 


ard Staffordshire Electric Power Company. 


are shown in Fig. 19, is of the latest type with 
single-helical gear drive from the shaft. 


ANGLO-IRANIAN O1L Co., Lrp. 


With the order in 1937 for two 22,500 kW. 
turbo-alternator sets for their Abadan Power 
Station, [ran (Persia), a total of four turbo-alter- 
nator sets have been supplied to the Anglo-Iranian 
Oil Co., Ltd., for this station, and with the two 
supplied for the Tembi Station the corresponding 
total capacity becomes 67,500 kW. The latest 
two sets are duplicates, and incorporate turbines 
very similar to the two-cylinder turbine illus- 
trated in Fig. 18. The operating steam con- 
ditions are 200 Ibs./sq. in., 750 deg. F., with a 
vacuum of 28 inches at M.C.R. The condenser 
shells, as illustrated in Fig. 20, are of fabricated 
steel construction, now standard for all con- 
densers, 


Corporation, and the 
Huddersfield Corporation Power Station, contains 
all English Electric” turbo-generating plant, 
and this latest order brings the number of 
turbo-alternators supplied and on order for this 
Station to ten, with a total capacity of 84,750 kW. 
Included in this number is a 3,750 kW. * super- 
posed *’ turbine supplied in 1937, taking steam 
at 420 Ibs./sq. inch, 780 deg. F. and exhausting 
at 180 Ibs./sq. inch into the low-pressure steam 
range serving the original turbo-alternator sets 
in the station. The addition of this ‘ super- 
posed,” or ‘‘ topping” unit will enable the 
overall efficiency of the station to be very 
considerably improved. 


ASSOCIATED PORTLAND CEMENT 
MANUFACTURERS, LTD. 
Following on the supply a few years ago of a 
4,500 kW. turbo-alternator set for the Japla, 
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Fig. 16.— 15,625 kW. Turbo-alternator set at the Back 0° th’ Bank Power Station, Bolton. 


Fig. 17.—Fabricated Stator Casing of 


Turbo-alternator for 30,000 kW., 6,600 volts, order followed the successful 


India, Works of the Associated 
Portland Cement Manufacturers 
Ltd., a further unit of 7,500 
kW. ordered in 1937, has 
been despatched to site. The 
turbine is of the single-cylinder 
impulse type designed for steam 
conditions of 190 Ibs./sq. inch, 
625 deg. F. and a vacuum of 
27°6 inches. The turbine runs at 
a speed of 3,000 r.p.m. with a 
direct-coupled 3,300-volt alter- 
nator provided with closed cir- 
cuit ventilation. The unit is of 
similar general design to the 
7,500 kW. set shown in Fig. 10. 

Crry or Jopupur, 

A1,250kW,7,000/1,500 r.p.m. 
non-basement type geared steam 
turbo-alternator set was recently 
completed for the City of 
Jodhpur, India, and is illustrated 
in Fig. 23, which shows the unit 
aftercompletion ofsteaming tests 
at Works, with the alternator 
rotor coupled to the turbine. This 
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Fig. 18.—15,000 kW. 


two-cylinder Turbine for the Hayle Power Station of The Cornwall Electric Power Company, 


in course of erection at Rugby Works. 


results obtained with a 1,250 kW. basement type 
turbo-alternator set supplied in 1928 for the same 
station. The change with the latest set, to a non- 
basement arrangement was made on account of 
the higher efficiency obtainable with this modern 
design of small turbine unit, and on account of the 
saving in cost of foundations. The turbines of both 


Fig. 19.—Principal components of the latest type main gear-type 


Oil Pump. 


units are designed for steam conditions of 150 Ibs. 
sq. inch, 466 deg. F. total temperature, exhausting 
to a vacuum of 27 inches; the alternators are 
designed for 3,300 volts. 

British SuGaAR Corporation, Lrp. 

In 1936 orders were received from The British 
Sugar Corporation, Ltd., for a 1,300 kW. back 
pressure steam turbo-alternator set for 
their Wissington Works, and a similar 
unit of 800 kW. capacity for their Kid- 
derminster Works. The latter unit is 
illustrated in Fig. 24, and comprises 
an 800 kW., 6,000 r.p.m. back-pressure 
turbine designed for steam at 165 lbs./sq. 
inch, 463 deg. F., with a back pressure 
of 20 Ibs./sq. inch, driving through 
gearing at 1,500 r.p.m. a 3-phase, 440- 
volt alternator. These sets were put 
into commission last year and at the 
beginning of the current year further 
orders were received for a 2,000 kW. 
back-pressure set for the Ely Works, 
and a 1,250 kW. back-pressure set for 
the Kelham Works. 
turbines are designed for steam at 160 
Ibs./sq. inch, 510 deg. F. 
pressure of 30 


In both cases the 


with a back 
The 


Ibs./sq. inch. 
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Fig. 20. 


completion at Rugby Works, 


set for Ely was finished 
at the Works last July, 
the set for Kelham in 
August, and both sets are 
now erected on site. 

The above orders, with 
an 800kW. set previously 
supplied for the Ely 
Works, make a total of 
6,150 kW. of small back- 
pressure turbo-alternator 
sets supplied for the Brit- 
ish Sugar Corporation. 

SLouGH TRADING 
Estates, Lrp. 

Following the instal- 
lation in 1933 of a 7,500 
kW. turbo-alternator set 
in the Power Station of 
Slough Trading  Est- 
ates, Ltd., a 2,000 kW. 
high - pressure back- 
pressure “topping” unit 


! 


Fig. 21. 


Fabricated Condenser for one of the two 22,500 kW. two-cylinder 
Turbo-alternator sets for the Anglo-Iranian Oil Company, Ltd., in course of 


73 
was supplied in 1937. This set, 
illustrated in Fig. 25, takes steam 
at a pressure of 600 lbs./sq. inch, 
800 deg. F., and exhausts at a 
pressure of 200 Ibs./sq. inch to the 
normal pressure steam system in 
the station which 
remaining plant, including the 


serves the 


7,500 kW. unit already men- 
tioned. This latter unit is 


designed for steam at 200 Ibs. 
sq. inch, 580 deg. F. total 
temperature, with a vacuum of 
28 inches. During 1937 a further 
order was received for a duplicate 
set, which is at present in course 
of completion on site. The 
first 7,500 kW. unit is shown in 
Fig. 26, and the new set will be 
of identical appearance when 
finished. Both 7,500 kW. tur- 
bines are of advanced design 
in that they 
the rotors dises solid with the 


incorporate on 


shaft for the first seven stages, 
followed by individually-mounted 


15,000 kW. two-cylinder Turbo-alternator set in the Power Station of the Cawnpore 
Electric Supply Company, Ltd., India, during completion of erection. 
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Fig. 23.—1,250 kW. Non-basement Turbo-alternator set for City of Jodhpur, India, during 
completion at Rugby Works. 
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Fig. 22.—The 15,000 kW. two-cylinder Turbine supplied for Cawnpore, during erection at Rugby Works. 


discs for the remaining stages. In this way _ in the course of six years’ service since first set to 
most of the advantages of the Company’s standard work, has not once been out of commission for 
two-cylinder designs ‘with solid-type H.P. rotors other than normal routine stoppages. 

for the high temperature zones, are incorporated Tye Sourn WALES ELECTRIC PowER COMPANY. 
in a single-cylinder machine of medium output, The illustraion in Fig. 27 shows in course of 
while retaining all the benefits of the shorter and — erection at the Company’s Rugby Works the 
less expensive set. The operation of the unit turbine of the 30,000 kW. turbo-alternator set 
already in service has been very successful, and ordered last year by Messrs. Edmundsons Electri- 


city Corporation for the 
Upper Boat Power 
Station of The South 
Wales Electric Power 
Co. During the 
current year a duplicate 
set has been ordered for 
the same station. The 
turbine in each case is 
of the two-cylinder 
impulse -reaction type 
with inwards double- 
flow low-pressure cylin- 
der, generally similar to 
the 30,000 kW. units put 
into commission — this 
year at Stourport 
Power Station and 
illustrated in Fig. 13. 
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Fig. 24.—800 kW. Back-pressure Turbo-alternator set installed at the Kidderminster Works 
of The British Sugar Corporation, Ltd. 


The turbines are designed for steam conditions of 
625 Ibs./sq. inch, 825 deg. F. with a vacuum of 
29 inches at M.C.R., and the alternators are each 
designed for 33,000 volts direct generation. 
These two units, with four turbo-alternator sets 


previously supplied, bring the total capacity of 
plant supplied and on order for the Upper Boat 
Power Station to 106,000 kW. 

The general design of the turbines and con- 
densing plants is similar to the units supplied for 


Fig. 25.— 2,000 kW. High-pressure back-pressure superposed Turbo-alternator set in the Power Station 


of the Slough Trading Estates, Ltd. 
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Fig. 26.—7,500 kW. Turbo-alternator set in the Power Station of Slough Trading Estates, Ltd. 


Fig. 27.—30,000 kW. Two-cylinder turbine for the Upper Boat Power Station of the South Wales Electric Power 
Company in course of erection at Rugby Works. 
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Fig. 28.—-Air Cooler for 30,000 kW. alternator. 


Stourport and Ferrybridge, already described. 
The 33,000-volt alternators incorporate windings 
of the concentric core design. As with all modern 
large generating units, the alternators are venti- 
lated on the closed-air system, and Fig. 28 shows 
the closed-circuit air cooler for the first of the 
30,000 kW. sets. It is of interest to note that 
the air-cooler water boxes are divided so that 
one half can be shut off on the water side for 
cleaning purposes while the other half remains 
in operation, similar to the arrangements incor- 
porated on the condensers, which are of the same 
design as that illustrated in Fig. 15. 


CONCLUSION, 

The foregoing is but a very brief description of 
the machines and plant covered by the repeat 
orders for turbo-generating equipment received 


during approximately the last two years, 
Although an endeavour has been made to illus- 
trate as many as possible of the improvements 
which have been incorporated in these latest 
designs, by far the greater number of what may 
be termed the improvements of small magnitude 
but which are equally as important as those 
described, have of necessity been omitted from 
this article. It is hoped, however, that the 
improvements to which it has been possible to 
refer will serve to convey some idea of the con- 
tinuous effort constantly being made by the 
Company to improve on existing satisfactory 
designs. Without this constant effort and the 
equally necessary and complementary research 
and experimental work, progress would be slow, 


and ultimately cease. 
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Fig. 1—H.E. the Viceroy delivering 


On the 23rd April, 1938, H.E. the Viceroy of 
India, the Marquess of Linlithgow, accompanied 
by Sir George Cunningham, Governor of North- 
West Frontier Province, and Dr. Khan Sahib, 
the Premier, was present at the opening of the 
Malakand Hydro-Electric Scheme and, by closing 
a switch, started up the turbines and thus 
signalised the completion of the first important 
work executed by the Province since it achieved 
autonomy. 

Fig. 1 at the head of this 
Excellency making his speech 
ceremony. 

The power station lies in a district rich in 
historic interest in connection with past frontier 


article shows His 
at this interesting 


The Malakand Hydro-Flectric 
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Scheme. 


L. BAZALGETTE, A.C.G.1., A.M.Inst.C.E., A.M.LE.E. 


his speech at the Official Opening. 


‘ampaigns and a supply of electricity is now 
available to the towns and cantonments bearing 
the well-known names of Dargai, Mardan, Nows- 
hera, Peshawar, Charsadda and Risalpur, with 
the likelihood of early extension to other centres. 

The difficulties met with in the execution of a 
scheme of this nature in a remote and mountainous 
district subject to earthquakes, dust storms and 
extreme variations in temperature and not devoid 
of danger from hostile tribesmen, cannot be 
exaggerated, and the Public Works Department are 
to be congratulated on a very notable achieve- 
ment. country 
can be obtained from the frontispiece showing 
the power station site, and from Figs. 2 and 3 


Some idea of the nature of the 
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Fig. 2—The Khyber Pass. 


which show views of the Khyber Pass in the 
immediate neighbourhood. 

It is gratifying that the English Electric 
Company was able to take a prominent part in 
this work and, by the successful completion of 
its contract comprising the pipelines, valves, 
water turbines, generators and haulage gear, the 
Company again demonstrated its ability to execute 
comprehensive hydro-electric contracts in any 
part of the world and under the most exacting 
conditions. 

Layout OF THE SCHEME. 

The possibility of generating electricity at 
Malakand was _ first 
recognised some 25 years 
by the irrigation 
engineers of the Punjab, 
of which the present 
North - West Frontier 
Province was then an 
outlying district, and it 
was seen that the waters 
of the Swat River to the 
north of Malakand could 
be used for fertilising the 
north-eastern part of the 
Peshawar Valley by 
driving a tunnel under 
the Malakand Pass and 
by constructing a canal. 


ago 


Fig. 3—Camel train in 
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The tunnel, known as 
the Benton tunnel, was 
duly completed and _ it 


was evident that by 
extending it another 


half mile to a_ point 
above the Upper Swat 
Canal advantage could 
be taken of a natural fall 
of some 250 feet for the 
production of electricity. 
The 
tioned in 


scheme was sanc- 
1934 and the 
new tunnel 12 feet in 
diameter, which was 
valled the Burkitt tunnel 
after Mr. F. H. Burkitt, 
C.L.E., Chief Engineer 
to the North-West Frontier Province, was put 
in hand, the construction being undertaken by 
local labour and without the aid of machinery. 

The hydraulic works provide for an ultimate 
installation at the Jabhan Power House below 
Malakand Fort of six generating units, but for 
the first stage only three sets each 3,200 kW. have 
been installed. 

The power is generated at 11 kV. and stepped 
up to 66 kV. and transmitted 30 miles by a double 
circuit line to Mardan and thence by single circuit 
line for a further distance of 74 miles to Char- 
sadda, Risalpur, Nowshera and Peshawar Canton- 


the 


Khyber Pass. 
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Fig. 4—Forebay, Penstocks and Haulage Way. 


Substations for 66 kV. have been 
established at four important centres and 11 kV. 
branch transmission lines totalling 37 miles, 
with nine 11 kV. substations at convenient 
points, constitute the distributing system. 

The scheme had the advantage of the initial 
load available in the area at the numerous 
military establishments which in turn benefitted 
by receiving a cheaper supply and by being able 
to shut down numerous small plants. It is 
anticipated that a supply of electricity at low 
cost will lead to the development of natural 
resources and the creation of industries within a 
Province which is remote from other sources of 
energy such as coal and oil. In addition the 
scheme, when fully developed, will materially 
benefit the Province by increasing revenue and 
providing a high return on the capital expended. 


ments. 


THE ENGLISH ELECTRIC CoMPANY’S CONTRACT. 


The main contract for the generating plant 
was placed with this Company in January, 1936, 


and comprised three 4,500 h.p. water turbines 
inlet 
pipelines and forebay valves, trash racks, haulage 


and generators, main valves, penstock 
gear, etc. 
and important character embracing the whole 
of the equipment from the forebay down to the 
generators. 

At the tail of the Benton tunnel referred to 
above the water is discharged over a regulating 
weir into the new power tunnel which runs parallel 
to the Dargai Nullah (formerly carrying the water 
from the Benton tunnel exit to the Upper Swat 
Canal System) until a difference in level of 250 
feet is obtained down to the nullah bed. Here 
the water emerges from the power tunnel into an 
open channel and forebay and thence via pen- 
At the power 
tunnel exit there is a stilling pond which reduces 


It was, therefore, of a comprehensive 


stock pipes to the power house. 


the velocity of the water causing the deposition 
of silt which gradually moves forward and is 
drawn through vents in the channel below and 
removed automatically. 
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In the open channel there is a waste weir and 
spillway syphon, the function of the latter device 
being to allow evacuation of excess water auto- 
matically, in the event of sudden closure of the 
turbines, with only slight fluctuation in the level 
upstream, 

PIPELINES. 

The three penstock pipes connecting the fore- 
bay to the three turbines were supplied by Messrs. 
Stewarts and Lloyds, Ltd., under a sub-contract, 
and are each 515 feet in overall length. They 
are in two sections, a top section running between 
the forebay and a concrete anchor block, and a 
lower section between the anchor block and the 
power station. The pipes comprising the top 
section are 61 in, external diameter and 4} in. 
thick and those of the bottom section are 55 in. 
external diameter and ;"; in. thick. The pipes 
are in 26 ft. lengths with longitudinal seams 
hydraulic roller lap welded by the watergas 
process. Double riveted bump joints are 
adopted throughout except at and around bends, 
at valves, and at terminal ends where welded 
flange joints are used. Expansion joints are 
provided for each section of pipe between anchor 
blocks, The pipelines were designed for a maxi- 


Fig. 5—H.E, the Viceroy seated in the Haulage 


mum static head of 250 feet (approx. 108 Ibs./sq. 
in.) and for a test pressure of 115 lbs./sq. in. 
on the upper section between the forebay and the 
middle anchor block, and of 195 Ibs./sq. in. 
on the lower section. 

Each pipeline is provided with a trash screen 
consisting of flat steel bars 24 in. by 3-in. with 
2 in. spacing to protect the turbines from debris. 


HAULAGE GEAR. 


Also included in the Company’s contract was 
the haulage gear for the pipeline haulage way 
which can be seen in the frontispiece and in 
Fig. 4. This haulage way which is of metre 
gauge was not only indispensable during con- 
struction for the erection of the pipeline sections 
but is also now very useful as a means of access 
between power station and forebay and for con- 
The 
gear, which was supplied by Messrs. Hatfield, 
Perrin & Partners under a sub-contract, consists 
of an electrically driven haulage winch to haul a 
total load of 6} tons up a maximum incline of 


veyance of loads between the two points. 


32° 16’ at a speed of 50 ft. per minute, together 
with a four-wheeled truck and wire rope guaran- 
teed for an actual breaking load of 30.7 tons. 


Way truck. 
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Fig. 5 shows H.E. the Viceroy seated with Sir 
George Cunningham in the front of the truck 
before proceeding up the haulage way to inspect 
the forebay works. 


FoREBAY VALVES. 

Located in the forebay are three balanced disc 
butterfly valves of the self-closing type, 60 in. 
internal diameter, supplied by Messrs. de Roll, of 
Klus, Switzerland. 

The valve door is operated by weights mounted 
on arms attached to the door spindle, an oil- 
dashpot prevents slam shutting, and a hand-gear 
allows of the re-raising of the weights after 
operation. 

The tripping gear is of the usual paddle trip 
type, and is designed to operate at varying 
excess velocities. 


, TuRBINE INLET VALVEs. 
At the turbine inlets are provided 


inglish 


Electric ’’ streamline cylindrical balanced valves 
of the Company’s well-known patented type. 
These valves, which are 42 in. bore, are designed 
to obtain complete security for the turbine plant 
and therefore, fulfil a very important function in 


Fig. 6—Cylindrical Balanced Turbine Inlet Valve at Works 
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the whole installation. This type of valve has 
been described many times in this Journal, but 
it may be useful to recall the following features 
which render it certain of satisfactory operation 
under both normal and emergency conditions :— 


(1) The valve piston, which is a cylinder and 
thus remains always balanced, requires 
only a small force to move it and is 


inherently free from distortion and 
jamming. 
(2) The operating servo-motor directly 


surrounds the piston and has a very large 
margin of power. 


(3) The travelling control screw, which is an 
especially interesting and effective device, 
in combination with the balanced cylind- 
rical piston makes water hammer an 
impossibility. The screw moves with the 
piston and by this means obliges the 
pressure water supply to the servo-motor 
to traverse an ever increasing number of 
screw threads as the closing stroke is 


performed. The last part of the piston 
movement is, therefore, very slow and 
this prevents 


pressure rise, but 
not at the expense 
of the total clos- 
ing time which 
remains reason- 


ably short. 


(4) The careful 
streamlining of 
the valve ensures 
that there is no 
obstruction to the 
flow. 


The main parts of the 
valve are made of cast 
iron with rust protection 
Fig. 6 
shows the 
cylindrical balanced inlet 
valves assembled at 
Rugby Works. 


where necessary. 
one of 


| 
- 
- 


THE ENGLISH ELECTRIC JOURNAL 


Power House. 

The Power House containing 
the generating plant occupies a 
site on the west bank of Dargai 
Nullah, immediately below Malak- 
and Fort, and lies at an altitude 
of 1,750 ft. 

All consignments of plant were 
taken by train from Karachi to 
Dargai railway station, a distance 
of about 1,000 miles, and thence 
transported by lorry over an old 
Buddhist road by which Alexander 
the Great invaded India. The 
power house and its surroundings 
are shown in the frontispiece and 
the buildings comprising Malakand 
Fort can be seen at the top of 
the picture. 

It will be noted that the forebay 
works have been arranged to 
accommodate another three pipe- 
lines in the future. 

On the left of the picture is the 
step-up transformer station which 
is connected with the power house 
by a bridge over the spillway 
channel; this channel receives the 
spill nullah which can be seen 
descending the hillside to the _ left. 

The power house contains three horizontal 
reaction water turbines each capable of a full 
load output of 4,500 b.h.p., an overload output 
of 4,750 b.h.p. when running under a net head of 
243 feet and at a speed of 600 r.pm. The 
turbines drive three 3,200 kW. 3-phase alternators 
designed for0.85 power factor lagging, 11,000 volts, 
50 cycles and fitted with main and pilot exciters. 
Plates Nos. I and II show cross sections through 
the Turbine and Alternator respectively. 

TURBINES. 

The turbines are of the overhung type having 
no shaft or bearings of their own, the runners 
being fitted to the ends of the generator shafts. 
This compact construction is now practically 
standard for the Company’s horizontal units 
since it is a product of that close co-operation 
between mechanical and electrical designers 
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Fig. 7—Turbine Spiral Casing with swivel gate levers and links. 


which the Company is able to secure by virtue 
of the fact that it manufactures both ends of 
the combined unit. 

The spiral casing, which is shown assembled 
at the Company’s Rugby Works in Fig. 7, is of 
the usual logarithmic form and is fabricated 
from mild steel plates graduated in thickness 
from } in. to 2 in. It has an inlet diameter of 
42 in., and is practically circular in cross section 
in order to prevent distortion under pressure, 
with butt joints between segments and double- 
welded lap joints where it joins the speedring, 
the plates fitting inside the speedring flanges. 


The speedring is made of fabricated steel 
bridging the throat gap of the spiral casing 


and consists of two massive forged steel guide 
rings rigidly tied together by strong nickel-steel 
stays. 

Strong bracket feet are provided on the casing 
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and these are bolted down to the combined bed- 
plate of the unit. A branch is provided for 
connection to the relief valve. In order to obtain 
a rigid setting the bottom part of the casing 
and the bedplate are drowned in concrete. 

The gate apparatus consists of a set of swivel 
gates of stainless steel cast integral with their 
stems which are protected by special collars. 
When closed the gates make contact with each 
other along machined bearing strips so that leak- 
age is reduced to a minimum. The swivel gates 
are coupled by cast iron levers and links to a 
regulating ring sliding on gun metal pads and 
connected by adjustable gear direct to the 
governor. The connecting gear between gates 
and ring is “‘ offset ’’ so as to reduce the regulating 
energy by making the quantity of water shut off 
or admitted by the gates generally proportional 
to the governor stroke. Should an obstruction 
prevent one of the gates from following the 
regulating ring, the links are designed to break 
well before the elastic limit of any more important 
part of the apparatus is reached. These links 
are a cheap and simple spare part which are easily 
renewable in service. 

In the event of a gate becoming uncoupled the 
design is such that it cannot foul any of the other 
gates or the runner. To permit of adjustment to 
every individual gate both in the shops and in the 
field, each link is fitted with an eccentric pin and, 
by turning and then locking the latter, the 
distance between pin centres (i.e., the effective 
length of a link) can be varied and a gate can be 
shifted as desired. Fig. 7 shows the regulating gear 
assembled on the spiral casing at Rugby Works. 

The turbine main cover carries the regulating 
ring and gland and is of strong box construction. 
It contains passages for the evacuation of any 
leakage water passing through the runner seals, 
and these lead to a pipe discharging into the tail 
race. By this means water will not be trapped 
in the space between runner crown and cover 
and the hydraulic end-thrust on the wheel will be 
reduced, especially at runaway. Although reduc- 
tion of hydraulic thrust is, therefore, inherent 
in this design, additional security is obtained by 
providing a Michell thrust block in the inboard 
generator bearing. 
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The shaft gland is cooled by filtered water and 
is well lubricated ; packing rings of special 
material which does not react on the metal are 
used, 

The turbine runner is made of high-grade 
stainless steel carefully streamlined, ground and 
polished. As the turbines have to operate at an 
altitude of 1,750 feet above sea level and run at a 
speed of 600 r.p.m., the question of security 
against cavitation required careful study. This 
security was attained by adopting liberal 
dimensions for the runner so as to reduce the 
velocity of the water passing through it and, 
therefore, the dynamic suction at the outlet of the 
yanes, and by the provision of the minimum 
number of vanes in order to occupy less room in 
the water stream. The vanes and the passages 
between them were also carefully streamlined 
and the use of stainless steel with all surfaces 
worked smooth afforded a further safeguard. 

The seal with the turbine guide wheel covers is 
effected by means of brass rings hammered into 


groves in the crown of the runner, the brass being 
a soft material is worked down to the exact bore 
of the covers leaving only a fine running clearance. 
Thus there is very little leakage. 

To relieve the pipeline and avoid excessive 
pressure rise due to load fluctuations the turbines 
are provided with cylindrical balanced streamline 


relief valves. These are so connected to the spiral 
casing that they form a continuation of the pipe- 
lines and the water passes smoothly into the 
tailrace without causing chattering or erosion. 

The design is very similar to that of the 
cylindrical balanced inlet valve embodying a 
balanced piston requiring only a small force for 
operation and it thus moves smoothly and in 
exact synchronism with the rapid turbine gate 
closure. 

The central cone of the inner body of the relief 
valve causes the rapid dissipation of the energy 
of the incoming water in the form of a fine spray, 
a particularly valuable feature in the present 
case owing to the narrow channel into which the 
water has to be discharged. 

The governor is of the Company’s standard oil 
pressure type, the actuator being driven from the 
main shaft by means of a flexible gear drive. 
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Cross Section through 4,500 H.P. 
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Fig. 8—4750 H.P, Set in Power Station showing governor gear. 


The governing equipment which has_ been 
described in detail on former occasions, is shown 
in Fig. 8. The turbine gates are opened and 
closed by a regulating ring which, in turn, is 
operated by a regulating shaft connected to an 
oil servomotor which can be seen in the fore- 
ground, 

The servomotor cylinder contains a double- 
acting piston, and a handgear and clutch is pro- 
vided for manual control when The 
servomotor receives its pressure oil at 180 Ibs, 
sq. in. from an oil pump driven by an electric 
motor which can be seen to the right of the 
generator in Fig. 10. Beside the oil pumping set 
is the oil-pressure receiver, the function of which 


desired. 


is to act as a pressure reservoir and to maintain 
the oil pressure at its correct value. Safety and 
Mounted above 
the servomotor is the governor actuator which has 


bye-pass valves are provided. 


been well described as the * brain” of the whole 
plant. 

This, as already stated, is driven from the main 
shaft by means of gears and a horizontal shaft 
which can be clearly seen in Fig. 8. This shaft 
drives a pendulum within the actuator which 
operates a distributing valve and thus controls 
the pressure oil to the servomotor. Incorporated 
in the mechanism is a safety device to close the 
turbine in the event of overspeed, oil pressure 
failure or underspeed, with an auxiliary contact 
to open a tripping circuit and thereby cause the 
complete shut-down of the unit. The tripping 
circuit can also be opened and the set shut down 


from the switchboard. A neat instrument panel 


is provided for the pressure and vacuum gauges. 


The governing system subjected to 
rigorous and extensive tests before shipment 


and the whole equipment was erected on site 


was 
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Fig. 9—Three 4750 H.P. Sets in the Power Station viewed from turbine ends. 


and put into service with the minimum of adjust- 
ment. 
ALTERNATORS, 

The alternators have a maximum continuous 
rating of 3,760 kVA. and are designed for a normal 
speed of 600 r.p.m. and a runaway speed of 1,100 
r.p.m. They are wound for 3-phase, 11,000 volts 
normal, 50 cycles. The machines have hori- 
zontal shafts running in two main bearings and 
each machine has a main exciter and a pilot 
exciter with a bearing between the two. The 
machine is mounted on a fabricated steel bed- 
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plate and the exciter rests on a 
separate bedplate bolted to the 
main bedplate. 


The alternator frame is of 
welded steel construction in a 
single piece and has sufficient 
depth of section to ensure an 
adequate volume of ventilating 
air which is discharged into it 
and thence to a discharge duct 
in the foundation via a bottom 
chimney. 

The stator winding is of the 
two-layer or basket-type with 
Class B” insulation through- 
out, all coils being alike and 
interchangeable. 


Well-seasoned — impregnated 
hardwood wedges retain the coils 
in the slots and the end part of 
the winding is fixed in position 
by hardwood blocks between 
coil limbs which are lashed back 
to mica-insulated support rings 
bolted to the stator endplates. 


This type of winding is 
especially suitable for  with- 
standing surges and the forces 
set up on short circuits. 


In order to eliminate as 
far as possible harmonics from 
the terminal wave pressure, 
advantage is taken of the 
possibility of using a fractional 
number of slots per pole combined with a short 
pitch to obtain a balanced symmetrical 3-phase 
winding. 

Copper constantan thermo- couples are 
embedded in the stator winding to give an indica- 
tion of the temperature at various points. These 
are connected to a terminal box on the stator 
frame and a suitable indicating instrument with 
motor-driven selector switch is provided to 
connect in circuit each thermo-couple in turn, thus 
giving an alarm if the temperature of any one 
exceeds a predetermined value. 
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Fig. 10—Three 4750 H.P. Sets in the Power Station viewed from generator ends. 


The rotor body is shrunk on the shaft and is 
built up of 3 in. rolled-steel plates clamped by 
rivets between end plates. The solid body thus 
formed is machined and dovetails are cut in the 
periphery to receive the poles, which are built up 
of laminated steel stampings. 

In order to obtain satisfactory parallel opera- 
tion and ensure stability on the system under 
disturbances caused by high and low-frequency 
transients, the pole faces are provided with a 
damper winding consisting of copper rods in 
semi-closed slots brazed into copper short- 
circuiting end-segments. The field coils are 
formed of copper strip wound on edge mounted 
on sheet-steel spools, the insulation being Class 
“B” throughout and mica insulation being 
provided between turns and to earth. 

The machine is ventilated by the provision of 
a fan at each end of the rotor and air is drawn in 


at both ends from the pit through sheet-steel 
trunks secured to the end-shields. The rotor 
fans and the fanning action of the pole forces the 
air through radial ducts in the stator core and a 
portion of the air is bye-passed across the end- 
windings. The discharged air passes circum- 
ferentially round the stator frame and is dis- 
charged through a bottom chimney to a discharge 
duct in the foundations. A viscous air filter is 
provided in the inlet and electrically-operated 
dampers are provided in both inlet and outlet 
ducts to stop the air circulation in case of 
emergency. 

The main bearings are of the self-aligning, 
spherically-seated type provided with forced oil 
lubrication from an oil pump belt-driven from the 
main shaft, the oil being passed through an 
external oil cooler. 

The double thrust bearing, of the Michell type 
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Fig. 11—Miving concrete with water poured from goatskin vessel. 


designed to deal with a thrust of 24 tons, is cooled 
by means of the circulation of oil from the same 
pump which can be’ seen in Fig. 10. In each 
bearing is provided a dial type thermometer 
with contacts to operate an alarm should the 
temperature exceed a predetermined value. 

An overspeed device of the centrifugal type is 


Fig. 12—Generator stator arriving at site. 


incorporated in the turbine governor gear drive, 
the fixed portion being carried from the gear case 
and the moving portion on an extension of the 
governor shaft. 

pilot 
same 


The direct-coupled main and exciter 
armatures are mounted the shaft, 
the latter exciter being of the overhung type. 
Owing to the exten- 
sive overhead trans- 
mission system ulti- 
mately to be supplied 
it was necessary for 
the alternators to be 
designed to have quick 
response excitation 
which, operating in con- 


upon 


junction with automatic 
voltage regulators, 
enables the voltage over 
the 


rise 


whole network to 


with increase of 
load. The machines are, 
therefore, designed for 
stable operation from the 
limits of 3,000 kVA. zero 


leading power factor 
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Fig. 13—A typical group of Native Workmen employed by the Company. 


9,800 volts up to a maximum of 3,200 kW. at 
0.85 lagging power factor 12,100 volts. Between 
the limits of no load and full load the increase 
in the alternator terminal voltage is 10 per cent., 
i.e., from 11,000 volts at no load up to 12,100 
volts at full load. Furthermore, the range of 
operating terminal voltage can also be lowered 
to 9,800 volts at 3,000 kVA. zero power factor 
leading, rising to 10,780 volts at full load. 

The ceiling voltage is such that the rate of 
exciter response in volts per second is twice the 
numerical value of the excitation voltage corre- 
sponding to 3,200 kW. (i.e., full load) 0.85 power 
factor, a current limiting resistance being auto- 
matically inserted to limit the steady field current 
to twice full load value. 


AUTOMATIC FEATURES, 

A number of automatic devices are provided 
with the plant. The butterfly valves at the 
forebay are fitted with an electrically-operated 
trip; the cylindrical balanced valves can be 
opened and closed electrically, and the turbines 
can be shut down electrically by means of a 


solenoid on the governor. The automatic 
features are interconnected and controlled through 
limit switches and tripping devices for a compre- 
hensive control scheme which is now a common 
feature of the Company’s turbines and associated 
hydraulic plant. 

ERECTION. 

The erection of the plant proceeded smoothly 
considering the difficulties which were bound to be 
encountered in a region so remote. 

Fig. 11 shows a somewhat primitive method of 
mixing concrete which was being employed when 
our erecting engineer first arrived at site. It will 
be noted that the supply of water is from a goat- 
skin vessel. 

Fig. 12 shows the packing case containing the 
generator stator arriving at site, and Fig. 13 is a 
typical group of some of the Company’s native 
workmen. 

As stated at the commencement of this article 
the scheme was formally inaugurated by H.E. 
the Viceroy on 23rd April, 1938, and according to 
reports received from India the plant is operating 
satisfactorily on the load at present available. 
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New Developments in Low-Pressure Blading for 
Steam Turbines. 


By J. P. CHITTENDEN, M.I.Mech.E., A.M.I.E.E., 


Chief Engineer and Manager, 


There are many problems in connection with 
the design and construction of the long blades at 
the low-pressure end of steam turbines of large 
output, and in a previous issue of this Journal* 
the problem has been dealt with from the mechani- 
cal standpoint. In the article referred to various 
methods of blade fixing were described, in particu- 
lar the “English Electric’ side-entry root. 
The design and construction of this method of 
attachment enables the longest blades now in 
use to be carried with comparatively moderate 
stresses, and furthermore it can safely be applied 
to still longer blades if and when occasion arises. 

Another aspect of the problem on which the 
Company has been working for many years is the 
efficient guiding of the steam flow through these 
very long blades. In a short blade the height 
and width are of the same order of magnitude, 
and the disturbing influences of centrifugal 
force on the steam particles have therefore little 
effect. Furthermore, in short blades the circum- 
ferential speed of the blade does not vary appreci- 
ably between the root and the tip with the net 
result that the efficiency is approximately the 
same over the entire length of blade. The long 
blade, however, is a very different proposition, as 
due to the influence of certrifugal forces the 
steam acquires an appreciable radial velocity 
which adversely affects the flow. In 
addition, the blade speed varies considerably 
from root to tip, and clearly a blade of uniform 
section designed for a given efficiency at its mean 
diameter will have an appreciably lower efficiency 
both at the root and the tip. 

The English Electric Company has for many 
years employed blades of spiral or “ twisted ” 
section in order to minimise the loss of efficiency 


axial 


for Steam Turbines of Large Outputs,” The English Electric 
No. 8) 


Journal, December, 1937. (Vol. VIII. 


Steam Turbine Department. 


inherent in a straight blade of considerable 
length, and this work has now been carried a 
stage further by the introduction of what is 
known as the ** English Electric ’’ Vortex blading. 

In this type of blading the rotor blade is not 
only of spiral or ‘‘ twisted ”’ section but is made 
with flow angles which decrease considerably from 
root to tip of the blade, and the degree of reaction 
also varies, being small at the root section and 
large at the extremity of the blade. It is well 
known that for a given ratio of blade speed to 
steam speed there is a degree of reaction which 
gives the highest efficiency, and in Vortex blading 
this reaction is adjusted to suit the blade speed 
which prevails at each section, and thus the 
velocity diagram varies progressively along the 
blade, having at every point a shape which gives 
the maximum efficiency and the minimum leaving 
loss. 

It will be appreciated that a degree of reaction 
which varies along the length of the blade naturally 
entails a varying pressure in the space between 
the fixed and moving blades of each expansion. 
The pressure is low at the root section and high at 
the extremity of the blade near the casing. The 
pressure variation is approximately that corres- 
ponding to a free vortex, and therefore balances 
the centrifugal forces acting on the steam. 
Each particle of steam thus follows a helical path, 
and the undesirable radial flow is avoided. 

The ‘‘ English Electric ’’ Vortex Blade, there- 
fore, unites two valuable features. There is 
promoted a steady flow with only so much radial 
component as is necessary to enable the steam to 
follow the conical path between casing and rotor, 
since the centrifugal forces are automatically 
balanced, while at the same time it is automatic- 
ally ensured that at every section the degree of 
reaction is correctly adjusted for the blade speed 
and gives the highest efficiency of which turbine 
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from which illustration the change of 
blade section from root to tip can be 
readily seen. In conclusion it may be 
said that all the experimental work and 
investigations that have been carried 
out in this direction clearly indicate that 
with the Vortex principle improved 
efficiencies can be realised with the long 
blades at the exhaust end of steam 
turbines, and combined with the side- 
entry fixing still greater outputs at the 
higher speeds can be obtained without 
sacrifice in either efficiency or reliability. 


Fig. 1.—Form of discharge with experimental blade rings—on left, 
normal blading, and on right, normal Vortex-type blading. 


blading is capable. This is a considerable 
advance over the normal “ twisted’ blade, 
which can achieve maximum efficiency at only 
one point of its length and which furthermore 
cannot prevent undesirable radial flow. 


Much experimental work has been carried out 
by The English Electric Company in this direc- 
tion, and the work is still proceeding. A more 
detailed account of the theory of Vortex blading 
will be presented in the near future when the 
programme of research work is completed. In 
the meantime, the results of one of the earlier 
experiments may be of interest. 

4 The photographs in Fig. | show the type of 
flow obtained from two designs of blading 
arranged in an annular ring discharging steam 
into free air. The blade ring shown on the left is 
designed to give a constant flow angle all along 
the length of the blade, while that on the right 
is fitted with Vortex blading. The two blade 
rings are otherwise similar and were operated 
under identical conditions, discharging the same 
weight of steam per hour. It is very noticeable 
that the Vortex design gives a much more compact 
discharge, and turbulence does not take place 
until some distance from the discharge edges of 
the blades. 

Fig. 2 is a photograph of one of the numerous a 
models of Vortex blading made during the 
preliminary research work on this subject, 


Fig. 2.—Model of Vortex-type Blading. 
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The ABMTM group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 

Apart from the main specialities ot the Asscciated firms, customers 
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The abundant advantages thus provided by group co-operation 
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15000 Vv 50 mA 


PORTABLE 
CABLE TESTER 


This robust, mobile and weather- 


proof cable tester has been 
supplied to a Government 
@ Department. 


A special feature is the interlocking 
system which prevents the application 
of the high D.C. voltage to the test gear 
without first setting the controls to zero. 


Incorporating 


BRITISH-MADE COPPER-OXIDE 


METAL RECTIFIERS 


Write for booklet D.P.11/EEJ. 


WESTINGHOUSE BRAKE & SIGNAL CO. LTD. 
82 York Way, King’s Cross, London, N.1. 
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